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We have investigated experimentally depolarized scattering of light by mixtures as a result of dipole
reradiation. We have observed that it increases strongly near the critical point. We have studied the
dependence of the intensity of the scattered light of varying polarization on the distance to the beam.

PACS numbers: 78.30.L

The depolarization scattering of light near the critical
point has recently been under intensive study.!-% Thus,
inft?! it was predicted that a new strongly-increasing
component is present in the spectrum in this region. In
addition, measurements of the degree of polarization
were used in attempts to estimate the contribution of
multiple scattering to the polarization component when
determining the critical exponents (see e.g., 4},

The purpose of the present study was to verify by ex-
periment the physical premises on which®?! are based.
To explain the specifics of the experiment, we shall
briefly describe the theoretical premises that lead to
the results off%2!,

Depolarized scattering of light is due to mutual in-
fluence of particles in the course of scattering, and its
spectral intensity in the pair approximation'®! is
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where ke, and ke, are the wave vectors of the incident
and scattered waves, and n(r) is the density of the num-
ber of particles. In the tensor T, which takes into ac-
count the initial influence of the particles, a decisive
role is assumed in the critical region by the part that
acts at the largest distance and is connected with the
dipole reradiation. In the four-particle correlator it is
also necessary to take into account the long-range non-
connected part, i.e., the correlator must be replaced
by a product of paired correlators. We are interested
in a binary mixture, for which we assume diffusion
kinetics. Then the spectral intensity of the scattering
at the angle 6=7/2 is
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where D(k,) is the diffusion coefficient, ¢ is the concen-

tration, [ and m are the polarization directions of the in-

cident and scattered light, and T'" = ~4n (kK — '%5,,)/
(k% - k'2)., We note that if we put =0 in T(k’) (static-
dipole field), then the integral intensity obtained from
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(2) coincides with the result of Andreev!?! and increases
like the correlation length x-!, while the width of the
spectrum is of the order of D«2.

However, the bulk of the effect is due to the long-
range part of T. Then, allowance for the singularities
in the first term of (2) at 2’ ~% yields for the integral
intensity I ~{d¢/3c)x"*R*¢*, where R is the dimension
of the system, which corresponds to'!, The half-width
of this contour is of the order of DF?. This result is
purely an estimate, since the exact answer depends on
the geometry of the system. Of greatest interest here is
the strong growth of the intensity as T— T, and the R*
dependence on the dimensions of the scattering system.

We have investigated the depolarization scattering of
light in a mixture of nitrobenzene and hexane near the
critical lamination point (¢, =0.41 molar fractions of
C¢H;NO,; T,=20.45°). The measurements were per-
formed with spectral apparatus described earlier. '8
The temperature in the cell, into which the chemically
pure components of the mixture were distilled in vacu-
um, was maintained with accuracy 0.02°C. The mea-
surements were performed at a fixed angle 6=7/2. We
analyzed the scattered light of three polarizations I%,
IZ, and IJ. In the components Z and I we have indeed
observed narrow contours that increased strongly as
T— T,. They were much narrower than the Rayleigh-
line wings (RLW) so that it is possible to separate the
two parts of the spectrum, The RLW intensity hardly
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changed with temperature, However, the resolving pow-
er of the setup (F~10") was insufficient to determine the
rates of the investigated processes. Quantitative mea-
surements of the depolarized components are difficult
because of the strong increase of the single scattering
I, . To eliminate it, the components I ,,, I ,, and

L, () were measured outside the beam. The experiments
revealed no RLW in the measured components. With
such an experimental setup, the breakdown of the four-
particle correlator in (1) into a product of pair corre-
lators becomes exact.

Figure 1 shows the ratios of the components I% ,, and
B, outside the beam (k=1 mm) to I on the beam as
functions of T~ T, (curves 1 and 2). We see in the fig-
ure that £ , and P, increase much more rapidly (by
approximately 1/(T - T,) times) than /¢. Curve 3 shows
the degree of depolarization I*/I* against T - T, on the
beam, with allowance for the contribution of the RLW.

Figure 2 shows experimental points that yield the
dependence of the components IZ ,,, I’ ,,, and I ,, on
the distance to the beam. We do not show here the
theoretical curves calculated at a given experimental
geometry, Within the limits of the experimental ac-
curacy, the ratio of these curves does not depend on
T-~T,.

We measured the dependence of the degree of depolar-
ization A=I%/I% at k=0 on the diameter d of the laser
beam. When d changed by 50 times, A changed in pro-
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portion. This result is pertectly naturai, IOr py tne
virtue of the long-range character of the reradiation
I% .5, depends only on the dimensions of the observed
volume, which is shaped like a cylinder whose length
always overlaps d. In this case I? ,, remains constant,
and I ,, decreases in proportion to d.

It thus turns out that the theoretically predicted
strong increase of the depolarized component as T— T,
in the unusual volume dependence actually do take
place, and the quantitative agreement between the cal-
culated curves and the experimental ones provide addi-
tional corroboration of the validity of the theoretical
concepts. It should be noted that the ratio I2/P depends
very strongly on the geometry of the setup, and it ap-
pears that the Krishnan effect is entirely due to this
fact.!”!

The investigated effect is decisive in depolarized
scattering, and also makes an appreciable contribution
I ,, to the polarization component. Inasmuch as I ,,
> I ,, outside the beam (Fig. 2), the estimate of the
secondary scattering obtained from the measurement of
A during the course of determination of the critical
exponents is doubtful. On the other hand, it becomes
possible here to determine these exponents indepen-
dently, and also to take a more correct account of the
multiple scattering.

In conclusion, the authors are sincerely grateful to
V.A. Solov’ev for constant interest in the work and to
I.L. Fabelinskil and A.F. Andreev for a useful discus-
sion of the work.
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Erratum: Depolarization scattering of light near the critical
oint
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PACS numbers: 01.85.+s, 78.30.Ly

In line 13 of the left-hand column, replace I,y by 3I%. In Fig. 2 on page 6, IZ should be replaced with 37Z.
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